A and B were added to each cupule, and the reactions were allowed to develop for 5 minutes at room temperature. The color intensity of the reactions was compared to the manufacturer's scheme and graded as follows: 0, no color change; trace, ≤ 5 nanomoles (nmol); 1, 5 nmol; 2, 10 nmol; 3, 20 nmol; 4, 30 nmol; and 5, ≥40 nmol. Both grade 0 and trace reactions, which produced only slight color changes, were scored as negative reactions; grade 1, as weak positive reactions; and grades 2-5 as strong positive reactions.
A and B were added to each cupule, and the reactions were allowed to develop for 5 minutes at room temperature. The color intensity of the reactions was compared to the manufacturer's scheme and graded as follows: 0, no color change; trace, ≤ 5 nanomoles (nmol); 1, 5 nmol; 2, 10 nmol; 3, 20 nmol; 4, 30 nmol; and 5, ≥40 nmol. Both grade 0 and trace reactions, which produced only slight color changes, were scored as negative reactions; grade 1, as weak positive reactions; and grades 2-5 as strong positive reactions.
All 42 strains were negative for alpha-galactosidase, alphaglucosidase, alpha-fucosidase, alpha-mannosidase, beta-galactosidase, beta-glucosidase, beta-glucuronidase, chymotrypsin, cystine aminopeptidase, leucine aminopeptidase, lipase (C14), N-acetyl-beta-glucosaminidase, phospholipase, trypsin, and valine aminopeptidase. Both the biovar A and the biovar B strains had negative to weak positive reactions for esterase (C4) and negative to strong positive reactions for esterase lipase (C8). The 20 biovar A strains and the biovar AB strain had strong positive acid phosphatase and alkaline phosphatase reactions, whereas the 21 biovar B strains had either negative or weak positive reactions.
The commercial semiquantitative enzyme system provided a rapid and reproducible method for determining the preformed enzyme activities of the F. necrophorum strains from cattle and sheep. This method distinguished the biovar A strains that had strong positive acid phosphatase and alkaline phosphatase reactions from the biovar B strains that had either negative or weak positive acid phosphatase and alkaline phosphatase reactions. It also helped clarify the taxonomic status of the biovar AB strain, which has phenotypic and biological properties of both biovar A and biovar B. Although the F. necrophorum biovars A and B had distinct enzyme profiles, no differences were noted between the bovine and ovine strains for either the biovar A strains or the biovar B strains. The data indicate that the marked differences in the levels of acid phosphatase and alkaline phosphatase between biovars A and B may be incorporated as an adjunct method with the phenotypic characteristics and the traditional biological criteria 1,7,10 for distinguishing the pathogenic biovars.
Sources and manufacturers
a. API ZYM system, Analytab Products, Plainsview, NY. 
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Isolation of Leptospira interrogans serovars bratislava and hardjo from swine at slaughter
Carole A. Bolin, James A. Cassells
Leptospira interrogans is an important cause of reproducserovars of L. interrogans infecting swine are pomona 12 and tive failure in swine throughout the world. The serovars of grippotyphosa. 9, 12 Infection with serovars canicola 15 and Leptospira that infect swine vary in different parts of the icterohaemorrhagiae 14 are identified occasionally. Recently, world. In the United States, the most commonly identified infection with serovar bratislava has emerged as a significant cause of reproductive failure in pigs in Europe. 4 Serologic studies in the United States and Canada indicate that bra-From the Leptospirosis and Mycobacteriosis Research Unit, Na-tislava has become the serovar that most frequently infects tional Animal Disease Center, USDA, Agriculture Research Service, swine. 1, 8, 12, 13 However, serovar bratislava is seldom isolated PO Box 70, Ames, IA 50010 (Bolin) , and the Veterinary Research from swine in the United States, apparently because of the Laboratory, Stormont, Northern Ireland (Cassells). extreme difficulty in cultivating this bacterium. 2, 3, 7 The pur-Received for publication April 26, 1991.
pose of this study was to determine the frequency of L. in- terrogans infection and the serovars infecting adult swine sampled at a slaughterhouse in central Iowa.
Tissues were collected from a slaughterhouse in central Iowa that processes sows and finished swine from throughout the midwestem United States. Seven trips were made to the slaughterhouse at 2-3-week intervals from May to October 1989. On each occasion, 20-23 kidneys (a total of 153) were obtained for bacteriologic culture. One kidney, with the capsule intact, was removed from each carcass. Carcasses were sampled on the basis of size, i.e., larger animals were sampled preferentially. The interval on the conveyor between sampled carcasses varied, but at least 5 carcasses passed between sampled carcasses. Ten female genital tracts were also collected for culture on each of 2 occasions. Genital tracts and kidneys were sampled from the same animals. Kidneys and genital tracts were stored in sterile plastic bags on ice for transport to the laboratory.
Tissues were processed and cultures inoculated with 3 hours of collection. The kidney capsule was removed using sterile instruments and aseptic technique. The surface of the kidney was seared lightly, and a l-g core of tissue was removed with a sterile scalpel blade. The surface of the uterus was seared lightly, and both uterine horns were opened. Small pieces of endometrium were collected from 3-4 sites in the uterus using sterile forceps and scissors. Kidney and uterine specimens were placed in 9 ml of 1% bovine serum albumin transport medium and disrupted in a blender as previously described. 2 The oviducts were flushed with 3 ml of transport medium, which was then collected and used for culture.
Four formulations of semisolid leptospiral culture medium were used. Ellinghausen-McCullough-Johnson-Harris medium 11 containing 100 µg of 5 fluorouracil/ml and 0.4% rabbit serum was used. Three formulations of Tween 80/ Tween 40/lactalbumin hydrolysate medium 5 containing 0.4% rabbit serum and either 0 µg, 100 µg, or 200 µg of 5 fluorouracil/ml were also used. Ten-fold dilutions of tissue homogenates and oviduct flush fluids were prepared in transport medium. Aliquots of the 10 -2 and 10 -3 dilution of kidney, the 10 -1 and 10 -2 dilution of uterus, and undiluted and 10 -l dilution of oviduct flush fluids were inoculated into tubes of each medium. 2 Cultures were incubated, evaluated, and manipulated as described previously. 2 Isolates were tentatively identified to serovar by agglutination with rabbit antiserum, and identity was confirmed by restriction endonuclease analysis of DNA. 6 Leptospira interrogans was isolated from 17 of 153 kid-neys, 2 of 20 uteri, and 1 of 20 oviducts (Table 1 ). Twentyone isolates were obtained from the 20 culture-positive tissues, with 2 serovars isolated from 1 kidney. Serovar bratislava was isolated from kidney and uterus of 1 pig and from uterus and oviduct, but not kidney, of another pig. Of 153 swine that were sampled, leptospires were isolated from at least 1 tissue of 18 (12%). Based on serologic surveys, bratislava has become the most common serovar of L. interrogans infecting swine in the United States and Canada. 1, 8, 12, 13 The apparent change in prevalence of various leptospiral serovars is likely a reflection of widespread use of leptospiral vaccines containing serovars pomona, grippotyphosa, canicola, and icterohaemorrhagiae. The results of this study indicate that in the sampled population bratislava is the most common serovar in adult swine at slaughter. Previous attempts to isolate serovar bratislava from swine in the United States and Canada have been largely unsuccessful, presumably because of the difficulty in cultivation of this fastidious organism. This is the first report of isolation of serovar hardjo from swine in the United States. Serologic surveys of US swine have detected a low prevalence of animals with antibodies against serovar hardjo. 8, 12 Serovar hardjo has been isolated sporadically from swine in Europe. 4, 10 Sows experimentally infected with serovar hardjo aborted. 10 Hardjo type hardjobovis is a common serovar infecting cattle in the United States and, therefore, is not surprising that pigs would be infected with serovar hardjo as incidental hosts.
The hepatic lesions were characterized by random necrosis of hepatocytes and moderate perivascular infiltration of mononuclear cells. Kupffer cells were hypertrophied and hyperplastic, and there were occasional small aggregates in the parenchyma. Occasionally, well-circumscribed and mineralized subcapular nodules contained macrophages and cellular debris. Merozoites and schizonts in all stages of development were present in hepatocytes and Kupffer cells ( Fig.  2A-H) .
Renal lesions consisted of necrosis of glomeruli associated with all stages of schizonts. Spleen had multifocal areas of necrosis that involved lymphocytes and macrophages.
Protozoal schizonts divided by endopolygeny-a process in which the parasite nucleus becomes multilobed before formation of numerous merozoites (Figs. 2, 3 ). The earliest schizont (6 x 4 µm) contained 1 nucleus with a prominent nucleolus (Fig. 2C) . The nucleus then enlarged and became multilobed (Fig. 1D, 1E ). Schizonts varied in shape and number of nuclei (Fig. 2F, 2G ). Merozoites budded peripherally, leaving a central residual body (Fig. 1H ). The residual body was eosinophilic and approximately 6 µm in diameter. Schizonts with merozoites were 14-20 x 10-20 µm (n = 13) and contained 12-28 merozoites. Not all merozoites were radially arranged. Individual merozoites were 5-6 x 1.0-15 µm. All stages of schizonts and merozoites were PAS negative. Schizonts reacted with antiserum to S. cruzi but not with antisera to T. gondii or N. caninum.
Ultrastructurally, parasites were located in the host cell cytoplasm without a parasitophorous vacuole (Fig. 3A) . The parasite divided by endopolygeny. In early schizonts, the nucleus became highly lobulated (Fig. 3A) , and the nuclear lobes were incorporated in developing merozoites (Fig. 3B) . Mature merozoites had a central nucleus, no rhoptries, and micronemes that were distributed randomly in the cytoplasm (Fig. 3C) .
The parasite was structurally distinct from T. gondii and N. caninum. 1 Toxoplasma and Neospora divide into 2 by endodyogeny where the parasite in the dog divided into many merozoites by endopolygeny. The parasite was antigenically and structurally identical to the newly named protozoon Sarcocystis canis from Rottweiler dogs. 6 Until now, S. canis was found only in 3 Rottweiler dogs. 2, 4, 5 Sarcocystis species have a 2-host life cycle. Asexual development occurs in the intermediate hosts (herbivore) and
